The recently proposed trans-Planckian censorship conjecture (TCC) amounts to the claim that inflation models with an inflationary energy scale larger than Λ max inf ∼ 10 9 GeV belong to the swampland, i.e., cannot be embedded into a consistent theory of quantum gravity. In this paper, we point out that this constraint can be readily satisfied in D-term hybrid inflation (DHI), which is a well-motivated inflation scenario in the context of supersymmetric grand unification. In DHI, the amplitude of the primordial scalar power spectrum originates from a Fayet-Iliopoulos term of the order of the unification scale, √ ξ ∼ 10 16 GeV. At the same time, the TCC results in an upper bound on the corresponding gauge coupling constant of gmax ∼ 10 −14 . We are able to show that this constraint translates into an upper bound on the gravitino mass of m max 3/2 ∼ 10 MeV, which opens the possibility that dark matter is accounted for by thermally produced gravitinos, if the reheating temperature is close to T reh ∼ 100 TeV. Interestingly enough, a somewhat similar gravitino mass range has recently been derived in a model that aims at explaining dark energy in terms of axion quintessence and resolving the Hubble tension by means of decaying gravitino dark matter.
Introduction.
A standard assumption in modern cosmology is that the initial conditions of the Hot Big Bang were determined by cosmic inflation, a stage of accelerated expansion in the early Universe [1] [2] [3] [4] [5] . Inflation was originally conceived to explain the vast size of the observable Universe as well as its high degree of homogeneity and isotropy on cosmological scales; but in addition, inflation can also provide the seeds for the postinflationary formation of structure on smaller scales (see [6, 7] for reviews). One of its key properties is that the spatial extent of causally connected Hubble patches remains roughly constant during inflation, while at the same time, microscopic quantum fluctuations are stretched to macroscopic size. This means that primordial (scalar and tensor) perturbation modes continuously exit the Hubble horizon during inflation, whereupon they "freeze out" and classicalize. During the subsequent decelerated expansion, these classical perturbations then re-enter the Hubble horizon, which causes them to "thaw" and evolve further. The primordial scalar perturbations thus lead to the temperature anisotropies in the cosmic microwave background (CMB) [8, 9] and eventually to the largescale structure of the Universe, while the primordial tensor perturbations give rise to a (yet unobserved) stochastic background of gravitational waves [10] (see also [11] ).
Physical length scales are exponentially stretched during inflation. This characteristic feature is essential in explaining how it is possible that the entire observable Universe was initially contained in a single causal patch. At the same time, it implies that sub-Planckian length scales, ℓ < ℓ Pl = M −1 Pl (where M Pl ≃ 2.435 × 10 18 GeV denotes the reduced Planck mass) can be easily stretched to super-horizon size if inflation lasts long enough. This is known as the trans-Planckian problem of inflationary cosmology [12] (see also [13] [14] [15] [16] [17] [18] ). Indeed, regarding general relativity (GR) as the low-energy effective field theory (EFT) of some unknown theory of quantum gravity, one expects perturbative calculations in GR to remain valid only up to some cut-off scale Λ EFT ∼ M Pl . For modes on sub-Planckian length scales, the standard approach of calculating the inflationary power spectrum therefore ventures beyond the validity range of the EFT. In line with this observation, Bedroya and Vafa recently conjectured that such a situation may never occur in a consistent theory of quantum gravity [19] . That is, according to the trans-Planckian censorship conjecture (TCC), any inflation model that stretches modes on sub-Planckian length scales to the extent that they eventually exit the Hubble horizon must lie in the swampland [20] . The TCC is thus the newest member in the family of quantum gravity swampland conjectures [20] [21] [22] [23] (see [24] for a review).
The TCC has important implications for inflationary cosmology [25] (see also [26] [27] [28] [29] [30] [31] [32] ). In particular, it severely constrains the allowed range for the total number of e-folds N inf during inflation, which translates into upper bounds on the inflationary Hubble rate H inf , energy scale Λ inf = V 1/4 inf (where V inf is the inflaton potential), and tensor-to-scalar ratio r. The main purpose of this paper is to demonstrate that these bounds can be readily satisfied in D-term hybrid inflation (DHI) [33, 34] , which is a well-motivated inflation scenario in the context of supersymmetric grand unified theories (GUTs). A remarkable outcome of our analysis is that the dimensionful input parameter of DHI, namely, the Fayet-Iliopoulos (FI) term [35] can still be chosen to be of the order of GUT scale, √ ξ ∼ 10 16 GeV, despite the severe TCC bound on the inflationary energy scale. This hierarchy of scales can be achieved in a technically natural way by choosing a tiny gauge coupling constant, g 10 −14 . At the same time, the best-fit value for the scalar spectral index, n obs s ≃ 0.9649 [8, 9] , can be reproduced for gravitino masses in the sub-GeV range. This points toward gravitino dark matter (DM) and the mediation of supersymmetry (SUSY) breaking via gauge mediation.
Trans-Planckian censorship conjecture. We begin by reviewing the TCC bounds on inflation. According to the TCC, physical length scales that are initially Planckian must not exit the Hubble radius H −1 during inflation,
N inf = ln (a end /a ini ) is the total number of e-folds during inflation (where a ini and a end denote the Friedmann-Lemaître-Robertson-Walker scale factor at the beginning and at the end of inflation, respectively), and H −1 end is the Hubble radius at the end of inflation. Eq. (1) results in an upper bound on the number of e-folds, N inf < N max inf ,
where we anticipated an exceptionally small H end . Meanwhile, inflation is also required to solve the horizon and flatness problems of the Hot Big Bang, which means that the largest observable scale today, ℓ 0 , must have initially been contained in a single causal volume. Let us denote the number of e-folds before the end of inflation when the corresponding comoving scale crossed outside the horizon by N ℓ0 . We are then able to write
where H −1 ℓ0 is the Hubble radius at the time of horizon crossing, and a reh and a 0 denote the scale factor at the end of reheating and at the present time, respectively. The ratio a reh /a end depends on the energy density at the end of inflation, ρ end = 3 M 2 Pl H 2 end , the energy density at the end of reheating, ρ reh = π 2 /30 g reh * ,ρ T 4 reh , and the equation-of-state parameter w = p/ρ during reheating,
The ratio a 0 /a reh , on the other hand, can be determined if one assumes entropy to be conserved after reheating,
Below, we will treat the Hubble rate H end and the reheating temperature T reh as free parameters, while fixing all other parameters in Eqs. (4) and (5) at specific values. We will restrict ourselves to the standard case of matter-dominated expansion during reheating, w = 0; the CMB photon temperature at the present time is given by T 0 ≃ 2.725 K ≃ 2.349 × 10 −13 GeV [36] ; and for the effective numbers of relativistic degrees of freedom, we will use the values in the minimal supersymmetric standard model (MSSM), g reh * ,ρ = g reh * ,s = 915/4 and g 0 * ,s = 43/11. In any viable model of inflation, N ℓ0 must be smaller than the maximal number of e-folds N max inf . Combining all of the expressions above, this requirement, N ℓ0 < N max inf , can be used to derive an upper bound on the Hubble rate,
where α characterizes the time dependence of the scale factor during reheating, a (t) ∝ t α . Formally, the Hubble rate H inf in Eq. (6) is defined as
. In this sense, the bound in Eq. (6) is completely general. 1 In practice, however, one can work with H inf ≈ H ℓ0 ≈ H end , as any inflation model consistent with the bound in Eq. (6) anyway results in a small variation of the Hubble rate during inflation, −Ḣ/H 2 ≪ 1.
In passing, we also mention that Eq. (6) can be generalized to account for the possibility of entropy production after reheating. Suppose the comoving entropy density 1 In particular, it is more general than the bounds in [25, 27, 29] , which are based on additional assumptions, such as instantaneous reheating or a quasi-constant Hubble rate during inflation.
changes by a factor γ ≥ 1 between reheating and today,
Late-time entropy production can thus be described by rescaling g reh * ,s by one power of the factor γ [37] , such that
This rescaling allows one to weaken the bound on H inf by considering a large amount of entropy production after reheating, γ ≫ 1. In the remainder of this paper, we will, however, ignore this option and focus on the γ = 1 case.
To evaluate the right-hand side of Eq. (6), one needs to specify the scale ℓ 0 . The authors of [25, 27, 31] identified ℓ 0 with the present Hubble radius, H −1 0 ≃ 3.0/h Gpc (where H 0 = 100 h km/s/Mpc and h cmb ≃ 0.6736 according to the 2018 PLANCK data [8, 9] ). Meanwhile, the authors of [29, 32] worked with the comoving scale that was of horizon size at the time of matter-dark-energy equality, a 0 /k
which is very close to the largest comoving scale that ever became horizon-sized during the decelerated expansion,
In our analysis, we will consider yet another scale -the optical horizon d opt ≃ 9.4/h Gpc of our Universe [38] ,
where a dec denotes the scale factor at CMB decoupling. Note that d opt is almost identical to our particle horizon, which follows from Eq. (9) by taking the limit a dec → 0. Upon identifying ℓ 0 with d opt , Eq. (6) results in
where we now fixed all other parameters as described above. This constraint immediately translates into upper bounds on the inflationary energy scale,
and the tensor-to-scalar ratio, r = A t /A s < r max ,
Here, we used the measured value of the amplitude of the scalar power spectrum, A obs s ≃ 2.10 × 10 −9 [8, 9] , as well as two standard relations in the description of slow-roll inflation, V inf = 3 M 2 Pl H 2 inf and A t = 2 (H inf /(πM Pl )) 2 . D-term hybrid inflation. The bounds in Eqs. (10), (11) , and (12) represent severe constraints on the dynamics of cosmic inflation. Nonetheless, it is straightforward to satisfy these constraints in DHI, as we will discuss now. First of all, we recall that supersymmetric hybrid inflation is an attractive model of inflation on general grounds because it allows one to establish a connection between cosmology (inflation) and particle physics (grand unification). The crucial observation is that hybrid inflation ends via a rapid second-order phase transition [39, 40] . This so-called waterfall transition can be identified as the spontaneous breaking of (a subgroup of) a local GUT symmetry, such as, e.g., U (1) B−L [41] [42] [43] [44] [45] [46] [47] [48] [49] .
In this paper, we will not specify an explicit GUT embedding of DHI but simply focus on the minimal scenario based on a U (1) FI term. Similarly, we will also refrain from considering F-term hybrid inflation (FHI) [50, 51] as an alternative to DHI. This model comes with less parametric freedom than DHI (unlike in DHI, the U (1) gauge coupling constant g plays no role in FHI) and requires a more complicated treatment due to the fact that it is a two-field model of inflation [52] . A detailed discussion of both FHI and DHI can be found in [53] . Let us now review some of the results on DHI derived in [53] that will allow us to satisfy the TCC bound in Eq. (6) .
As in [53] , we will consider DHI in combination with a SUSY-breaking Polonyi sector [54] (see also [55] ). The superpotential of our model is therefore given as follows,
Here, S denotes the inflaton field, Φ andΦ are two oppositely charged waterfall fields, and X is the Polonyi field. κ represents the dimensionless inflaton Yukawa coupling, µ X is the SUSY-breaking scale in the Polonyi sector, and W 0 is an R-symmetry-breaking constant that is fixed by the requirement that inflation must end in a Minkowski vacuum with zero cosmological constant. We assume that the Polonyi field is stabilized at X = 0 in consequence of additional hidden-sector interactions. µ X and W 0 can thus be related to the gravitino mass m 3/2 as follows,
We will work with a canonical Kähler potential for all fields in Eq. (13), supplemented by a Planck-suppressed coupling between the inflaton and the Polonyi field,
This operator is allowed by all symmetries and expected to be present in the EFT at energies below Λ EFT ∼ M Pl . Below, we will set the O (1) Wilson coefficient χ to unity, for simplicity (see also [53] ). Finally, we assume a nonvanishing FI term in the D-term scalar potential, 2
which is responsible for the nonvanishing vacuum energy density that drives inflation, (16) fully specify our inflaton model. In particular, they enable us to compute the scalar potential for the real inflaton field, s = √ 2 |S|. In this potential, inflation takes place at field values larger than the critical field value s crit = g/κ v, which marks the location of the tachyonic instability in the potential that triggers the waterfall phase transition. Here, v = √ 2 Φ = √ 2ξ denotes the VEV of the symmetry-breaking waterfall field after the phase transition. In the following, we will consider inflaton Yukawa couplings κ of O (0.1 · · · 1). As discussed in [53] , this implies that the CMB pivot scale ℓ * = 20 Mpc exits the Hubble horizon at a field value far away from the instability, s * ≫ s crit . In addition, we will assume a tiny U (1) gauge coupling constant, g ≪ κ, in order to suppress the inflationary Hubble rate. 3 In this parameter regime, we obtain the following scalar potential,
The mass parameter m s stems from soft SUSY breaking,
while the logarithmic term arises in consequence of oneloop radiative corrections when integrating out the heavy waterfall fields Φ andΦ along the inflationary trajectory,
Note that, in consequence of our choice of χ, the inflaton mass turns out to be tachyonic during inflation, m 2 s < 0. If this was not the case, i.e., for χ < 1/3, we would not be able to reproduce the best-fit value of the spectral index.
Based on the potential in Eq. (17), one is now able to perform a standard analysis of slow-roll inflation. We begin by writing down the slow-roll equation of motion,
where the quantities ∆ and s max are defined as follows,
s max marks the position of a hilltop (i.e., local maximum) in the potential. Slow-roll inflation takes place at field values below s max and above s fast , where the latter represents the field value at which the slow-roll condition
3 The opposite scenario, κ ≪ g, has been considered in [62, 63] (see also [64] [65] [66] [67] ), which results in a super-Planckian critical field value, s crit > M Pl . In this case, inflation occurs during the waterfall transition and leads to an O (0.1) tensor-to-scalar ratio. 4 For κ 10 −3 , the hilltop moves in the direct vicinity of the tachyonic instability, smax ≃ s crit , such that successful inflaton can only be realized in a very small region in field space [53] . This problem is absent for κ ∼ 0.1 · · · 1, which leads to smax ≫ s crit .
Imposing the boundary condition s = s fast at N = 0, the slow-roll equation in Eq. (20) has the following solution,
with F as a function of the number of e-folds N given as
This solution for s (N ) allows one to work out the slow-
which in turn can be used to compute the amplitude,
and index of the primordial scalar power spectrum,
Here, we neglected ε ≪ η in computing n s = 1 + 2 η − 6 ε. All N -dependent quantities in Eqs. (26) and (27) need to be evaluated at N * , i.e., the number of e-folds between the time of CMB horizon exit and the end of inflation, Remarkably enough, the expressions in Eqs. (26) and (27) 
With ∆ fixed at this value, A s becomes a function of the FI parameter ξ only. A s = A obs s is then satisfied for 
and similarly for the gravitino mass m 3/2 ,
Eqs. (31) and (32) 
Our results in this section serve as a proof of principle that a small gauge coupling constant in a GUT-inspired scenario can lead to an inflationary energy scale that is parametrically smaller than the GUT scale and thus consistent with the TCC bound in Eq. (6) . Of course, our model does not address the question why g should be so small, nor does it explain why the supergravity and radiative corrections should conspire in such a way that the scalar potential ends up being extremely flat. These questions are beyond the scope of this work and need to be addressed in the UV completion of our model (see, e.g., [68, 69] for related earlier work in string theory).
Discussion. In light of the results derived in the previous section, several comments are in order.
Other swampland conjectures. First of all, we point out that DHI also trivially satisfies the swampland distance conjecture [20] , which claims that scalar fields can at most traverse an O (M Pl ) distance in field space. In our case, the inflaton field range is always bounded from above by the local maximum at s max , by construction,
which is parametrically smaller than the Planck scale. The small gauge coupling constant g is therefore instrumental in satisfying both the TCC and the distance conjecture. At the same time, there is a slight tension between DHI and the refined de Sitter conjecture [23] , just as in most other models of single-field slow-roll inflation. The refined de Sitter conjecture imposes constraints on the gradient and curvature of the scalar potential, which can be expressed in terms of the slow-roll parameters,
where c and c ′ are two positive numbers of O (1). In DHI, ε is always severely suppressed, ε ≪ η; at the local maximum at s max , it even vanishes. The relevant condition in our case is therefore the constraint on η. However, as we require our model to reproduce the best-fit value for n s , we know that |η| cannot be of O (1) or even larger. Instead, we have η ≃ n obs s − 1 /2 ≃ −0.01755 at the time of CMB horizon exit. This means that the refined de Sitter conjecture can only be satisfied if the coefficient c ′ should turn out to be suppressed by a factor of O 10 −2 compared to the naive expectation c ′ ∼ 1. This discrepancy requires more work; however, it is important to note that it is not specific to DHI but rather concerns most models of single-field slow-roll inflation.
Initial conditions. In the parameter regime considered in this paper, DHI amounts to a particular realization of hilltop inflation. This indicates that it should be possible to satisfy the TCC bound also in other inflation models that equally feature a very flat local maximum in the potential. In our case, the hilltop arises from the interplay of logarithmic radiative corrections and a soft SUSY-breaking mass in supergravity; but it is well conceivable that a potential similar to the one in Eq. (17) could also have a different origin at high energies. Meanwhile, inflaton near a hilltop also turns the spotlight on the initial conditions of inflation. In order to obtain viable inflation that ends in a waterfall phase transition, the initial inflaton field value s ini must be located on the correct side of the hilltop, s ini < s max . At face value, this suggests that s ini must be tuned. On the other hand, one may speculate that the inflaton field initially starts out on the other side of the hilltop, s > s max , and then jumps over or tunnels through the potential barrier. Such a mechanism may require modifications of the potential at large field values and we leave a more detailed investigation for future work. Alternatively, one may suppose that the GUT embedding of DHI at high energies provides a dynamical mechanism that automatically positions the inflaton field near the local maximum in the potential.
In addition to the initial inflaton field value s ini , the initial inflaton velocityṡ ini also appears to be tuned. As pointed out in [25] , this follows from the fact that the TCC automatically implies thatṡ 2 ini /V ini ∼ ε ≪ 1, which means that the initial kinetic energy of the inflaton field must be severely suppressed compared to its initial potential energy. There is no straightforward reason why this should be the case. Naively, one would rather expect the initial energy density to be more or less equilibrated, s 2 ini ∼ V ini . The small initial inflaton velocity at the beginning of the inflationary trajectory thus represents another open question that needs to be addressed in the GUT embedding of our model at high energies. As before, we stress that this issue is not specific to DHI but rather a general implication of the TCC that applies to essentially all models of small-field inflation.
Observational signatures. There are several ways to test the scenario proposed in this paper. For instance, one way to falsify it would consist in the observation of a large tensor-to-scalar ratio in future CMB experiments. An r value as large as, say, r ∼ 0.001 · · · 0.1 would contradict the TCC bound in Eq. (12) and hence point to a different origin of the primordial tensor spectrum than the usual vacuum fluctuations of the metric tensor. In this case, one would have to consider inflaton models that provide additional sources of primordial tensor perturbations, or abandon the paradigm of cosmic inflation altogether.
Another important phenomenological aspect is that our model, as defined in Eqs. (13) to (16) , results in the production of cosmic strings during the waterfall phase transition after inflation. The tension µ cs of these strings is determined by the energy scale of spontaneous symmetry breaking, i.e., the VEV of the waterfall field Φ,
where G = 8πM 2 Pl −1 denotes Newton's constant and where we used that the strings produced after DHI satisfy the Bogomolny limit, µ cs = πv 2 [70] . The string tension in Eq. (37) exceeds the current CMB bound on Gµ cs by roughly an order of magnitude, Gµ cmb cs 10 −7 [71, 72] . At first sight, this represents a problem. However, at second sight, the production of cosmic strings after DHI could also turn into virtue; namely, if they should be unstable, which would be the case if the gauge group of our model was embedded in a semisimple GUT gauge group at higher energies [73] (see also [74, 75] ). This is a reasonable assumption and could lead to a promising scenario where the string network first emits an observable signal in gravitational waves [76] and then decays during the radiation-dominated era, so as to circumvent the CMB bound on Gµ cs . We will come back to such a scenario in future work. As an alternative to decaying cosmic strings, one may also extend our model by additional symmetry-breaking fields that are marginally coupled to the waterfall fields of DHI and that break the U (1) symmetry already during inflation. In this case, cosmic strings would be produced at early times and subsequently strongly diluted in consequence of the exponential expansion during inflation (see, e.g., [48, 49] ).
Finally, we mention that our model has interesting implications for the particle spectrum at low energies. The key observation is that the spontaneous U (1) breaking during the waterfall transition results in a massive vector multiplet with a supersymmetric mass
This multiplet consists of the real U (1) Higgs boson, the U (1) Higgsino, the U (1) gaugino, and the massive U (1) vector boson. At the end of the day, the masses of these particles are potentially vastly separated from each other, depending on the details of SUSY breaking and its mediation to the waterfall sector. It is still an interesting observation that the combination of the GUT-scale VEV v and the tiny gauge coupling constant g readily results in a vector mass in the vicinity of the electroweak scale. Therefore, depending on the details of the coupling between the waterfall fields and the standard model, some of the particles contained in the massive U (1) vector multiplet could be within the reach of collider experiments. More work in this direction is certainly desirable.
Reheating temperature. The coupling between the inflaton sector and the standard model also determines the reheating temperature after inflation. In the following, we will not specify the exact nature of this coupling, which requires further model building and is thus beyond the scope of this work. Instead, we will merely assume that the duration of reheating is controlled by the perturbative decay of the U (1) Higgs field φ (see also [41] [42] [43] [44] [45] [46] [47] [48] [49] ). Then, if we parametrize the φ decay rate Γ φ in a modelindependent way by an effective coupling constant λ eff ,
the reheating temperature can be estimated as follows,
Here, we have chosen a scalar mass m φ of the same order of magnitude as the vector mass in Eq. (38) and an effective coupling constant λ eff that allows us to avoid the thermal overproduction of gravitinos (see below).
At temperatures of O (100) TeV, the baryon asymmetry of the Universe can be produced via thermal leptogenesis [77] , provided there is a slight degeneracy in the heavy-neutrino mass spectrum that resonantly enhances the CP asymmetry in heavy-neutrino decays [78] [79] [80] (see also [81, 82] for recent work on resonant leptogenesis). Alternatively, there is a variety of leptogenesis scenarios in the literature that are based on minimal extensions of the simplest type-I seesaw model and that accomplish to successfully generate the baryon asymmetry at temperatures T 100 TeV (see [83, 84] 
where mg denotes the gluino mass at energies around the Z-boson mass. Including additional processes in the MSSM coupled to gravity, the total gravitino abundance can still be enhanced by an additional factor of O (1) [87] ; in the following, we will, however, content ourselves with the simple estimate in Eq. (41) . Based on this estimate, we can now solve the condition that gravitinos should account for the entire DM relic density, h 2 Ω 3/2 = h 2 Ω dm ≃ 0.12 [8, 9] , for the gluino mass mg, mg ≃ 1.7 TeV m 3/2 10 MeV
For T reh = 100 TeV, the upper bound on m 3/2 in Eq. (34) thus results in an upper bound on the gluino mass of m max g ≃ 2.5 TeV. This defines an interesting gluino mass range and opens the exciting possibility to probe the scenario of gravitino DM in future collider experiments.
In closing, we mention that a similar mass range for gravitino DM as in our scenario has recently been identified in [88] , however, for a completely different reason. The starting point of [88] is the extension of the MSSM by a supersymmetric axion multiplet that couples to the electroweak gauge bosons. This electroweak axion receives an extremely flat potential from SU (2) L instantons, which turns it into a quintessence field that serves as an explanation of dark energy [89, 90] . The authors of [88] consider the decay of unstable gravitino dark matter into the degrees of freedom contained in the electroweak axion multiplet,G → a +ã, where a denotes the axion quintessence field andã is the corresponding axino. They argue that this decay represents a concrete realization of the decaying-DM mechanism proposed in [91] to resolve the so-called Hubble tension, i.e., to reconcile the CMB measurement of the Hubble parameter H 0 by the PLANCK satellite with the local H 0 value obtained via the cosmic distance ladder and time delay measurements of strongly lensed quasars [92] . The main idea behind this solution to the Hubble tension is to slowly transfer energy from cold dark matter to massless radiation (i.e., axions in [88] ) and a subdominant component of warm dark matter (i.e., axinos in [88] ). The energy in radiation is then quickly redshifted away, which moves the onset of the dark-energy-dominated era to earlier times. This in turn leads to a slower decrease of the Hubble rate in the late Universe, which eventually results in a larger H 0 value at the present time than what one would expect in the standard Λ-cold-dark-matter (ΛCDM) picture.
A necessary condition for this mechanism to work is that the life time of the decaying DM particle, τ , falls in the range 1.3 log 10 (τ /Gyr) 2.2 [91] . The authors of [88] use this and other constraints on the model to derive a viable mass range for decaying gravitino dark matter, m 3/2 ∼ 100 MeV · · · 1 GeV. This differs from our gravitino mass range only by a factor O (10 · · · 100). In our case, the gravitino is unfortunately too long-lived. 
which exceeds the upper bound on τ by about a factor 40. Nonetheless, it is an interesting coincidence that the TCC bound on DHI, which we studied in this paper, points to a mass range for gravitino DM that is close to the one considered in [88] . We believe that the possible connection between the TCC, DHI, axion quintessence, and a resolution of the Hubble tension due to decaying gravitino DM deserves more attention in future work.
Conclusions. In this paper, we discussed the implications of the recently proposed trans-Planckian censorship conjecture (TCC) for single-field slow-roll inflation and showed how the resulting constraint on the inflationary energy scale can be readily satisfied in a minimal model D-term hybrid inflation (DHI). Our main observation was that a tiny gauge coupling constant g always allows us to parametrically suppress the energy scale of inflaton compared to the GUT scale √ ξ ∼ 10 16 GeV. In future work, it would be interesting to construct an explicit GUT embedding of our model that sheds more light on the question where such a small value of g might come from.
We also discussed: the relation between our model and other quantum gravity swampland conjectures; several issues related to the initial conditions of inflation; the production of cosmic strings; the prospects to probe our scenario in CMB observations, in gravitational-wave experiments, and at colliders; the thermal generation of gravitino dark matter; and the possibility to relate our model to scenarios that explain dark energy in terms of axion quintessence and that resolve the Hubble tension by means of decaying gravitino dark matter. In this discussion, we identified masses of O (10) MeV as the relevant mass range for gravitino dark matter and masses of O (100) GeV as the mass range of the degrees of freedom in the waterfall sector that are responsible for reheating (and which should thus couple to the standard model). In summary, we conclude that DHI based on a tiny gauge coupling constant results in an interesting theoretical framework as well as in an exciting phenomenology. Both aspects of our model await further exploration.
